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Precipitation-Filtering Method for Reuse of
Uranium Electrokinetic Leachate
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Abstract

A large volume of uranium electrokinetic leachate has been generated during the electrokinetic decontamination
to remove uranium from contaminated soil. The treatment technology for the reuse of the uranium leachate was
developed. The concentration of uranium in the generated uranium leachate was 180 ppm and concentrations of
Ma(ll}, K(I), Fe{ll}, and Al{lll} ions ranged from 20 ppm to 1,210 ppm. The treatment process for uranium leachate
consisted mainly of mixing and cohesion, precipitation, concentration, and filtration. In order to obtain the pH=11
of a precipitate solution, the calcium hydroxide needs to be 3.0g/100m! and the sodium hydroxide needed to be
2.7¢/100ml. The results of several precipitation experiments showed that a mixture of NaOH+0.2g alum+0.15g
magnetite was an optimal precipitant for filtration. The average particle size of precipitate with NaOH+alum+0.15g
magnetite was 600 ;m. Because the tfotal value of metal concentrations in supernatant at pH=9 was the smallest,

sodium hydroxide should be added with 0.2g alum and 0.15g magnetite for pH=9 of leachate.
Key words : uranium, electrokinetic, leachate, cohesion, precipitation, filtration
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Fig. 1. Electrokinetic equipment for soil decontamination.
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Fig. 2. Concentrations of major metals in uranium electrokinetic
leachate.

Fig. 3. Treatment process for uranium electrokinetic leachate.
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Table 1. Metal concentrations after precipitation with NaOH and
NH,OH.

Metal NaOH NH,OH Original

pH=7 pH=9 pH=11 pH=13 pH=11 Leachate
U(VD) 0.2 0.2 0.2 47 0.4 180
Ca(lp) 474 350 82 0.1 11 470
Al(IIT) 0.2 0.2 433 1.2 89 1210
Fe(1ID) 0.1 0.1 0.1 0.1 0.1 182
K@) 240 390 320 400 260 470
Mn(ID) 6.1 0,2 0.1 0.1 0.1 31.3
Mg(ID 286 104 0.1 0.1 1.6 295
Siv) 3.5 3.6 - - 11.0 333
Zn(1) 0.23 - - - 40 20.3

hydroxided] 93+ RAXY #ett} Sodium hydroxided]
gt AA F FA{F FEFET pH 11004 7 Eokm 4

S Uav)el &L 0.2 ppmolstE AAHYIL, 7t

Ca(IDe]&3 Al o] &7 Ftth, 13ee ad A&
e 2 Eod EY SHZNAG Al Aol&3t7] sl
sodium hydroxideZ} ammonium hydroxide®th A

A2 % o A%Te & 5 AN

Fig. 49} Fig. 5 calcium hydroxide® sodium
hydroxide®] F %o wE pH HIE RojFEr},
£d 9] pH7}T 119 =&3}7] Y3te], calcium hydroxide
?—t— 3.0g/100mlo} HQ 3},

273

sodium hydroxidet

Fig. 4. pH change along with feed concentration of Ca(OH),.

2 z SER
Fig. 5. pH change along with feed concentration of NaOH.
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2.7g/100mle] Bashe. anz 47 A2 Aol
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Table 2. Cohesive particle size change along chemical species
at pH 9 and 0.2g/100ml alum.

Cohesion |Cohesion

Label / Cohesion |Supemnatant/|
Chemical species size range | average .
Inumber (p#m) |size( xm)| shape | Pprecipitate
1 Ca(OH), none 1 cakes | 0.75(slow)
Spear
2 NaOH 100-200 150 shaped 0.75
and sharp
3 NaOH+Magnetite0, 15 300-500 | 350 Sharp 0.75
4 NaOH+AL(SO,),+Polymer0.1 | 300-500 | 350 Polygon none
5 NaOH+A12(SO4)3+Polym610‘2 300-500 400 Polygon none
6 NaOH+AL(SO),+Polymer0.3 | 500-700 500 Polygon none
Sharp and
7 NaCH+AL(SO,),+Magnetite0.05|500-1000 | 550 polygon 0.7
Shy d
8 |NaOH+AL(SO,),+Magnetite0. 155001000 | 600 P US| 07
Sha; d
9 | NaOHYAL(SO,) +Magnetite0.3 | 250500 | 400 [P SE S} 07
Sharp and
10 | NaOH#+AL(SOp+ferric0.05 | 300500 | 350 L OPCl) 07
Sharp and
11 NaOH+AL(SO ) Herric 0.15 | 500-800 | 450 [ 00 0.7
) Sharp and
12 | NaOH+AL(SO) +emic0.3 |500-1000| 500 pggjgm 0.7

Fig. 6. Particle sizes of precipitate with Ca(OH), (upper) and
NaOH (lower).




PrecipitationFiltering Method for Reuse of -+
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Fig. 7. Particle sizes of precipitate with NaOH (upper) and NaOH +
magnetite (lower).
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b ol NaOH+alum+magnetited]] &J3F FAJA 27+
600 un P}, 2P 2 NaOH+alum+ magnetite?} X AA|
24 NaOH+magnetite Bt} & ¢ -2},

Fig. 9%
NaOH+alum+0,2ml polyacrylamide®& &

NaOH+alum+0. 1ml polyacrylamideg}
YL o Ty
H 424 AAYA 2718 BHYF. NaOH+alum

Fig.8. Particle sizes of precipitate with NaOH +magnetite (upper)
and NaOH +alum + magnetite (lower).

Fig. 9. Particle sizes of precipitate with NaOH+alum+0.1ml
polyacrylamide (upper) and NaOH+alum+0.2ml polyacrylamide
(lower).
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+0,1ml polyacrylamided)] ¢]8F HH YR=7]E= 350 um o)
3L, ¥ NaOH+alum+0.2ml polyacrylamided] <}3gt
BEAAA7) & 400 mwHrh, £33, Fig. 102 H7rd
polyacrylamide F-A o] @2 S YAF=7] 9] #H3lS Ho
£t} =3, NaOH+alum+0.3ml polyacrylamide®] ]}
HaAAA7E 500 m [T}, A7) A polyacrylamide & B
o] FatH & FHYA ] A7V AR L HAY
5.

Fig. 11 NaOH+alum+0,05g magnetite2} NaOH+alum+
0.15g magnetite® EFAL o LA ztzto] AAdA
A718 BoFEY. NaOH+alum+0,05g magnetiteo]] 23k

2=
T

01 02 03
Polyacrylamide(ml)

Fig. 10. Change of cohesive particle size along added with
polyacrylamide volume

Fig. 11. Particle sizes of precipitate with NaOH+alum+0.05g
magnetite(upper) and NaOH +alum+0.15g magnetite (lower).
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P dA A7) = 550 mo] L, ¥FH o) NaOH+
alum+0,15g magnetite]] 2J3F FBHEYAI7)E 600 m S
o}, 39, Fig. 12 #H71% magnetite FA ol & 28
2kz27] 9] WekE RoEnh, 22y o7 oA magnetited
0.15g/100mlE FY3td& ol B A2 =717} 7
FEE 22T F UM F, 0.3g/100mlE FYUAE
) - AR A7) 400 im o2 23] ZrobF ).

Fig. 132 NaOH+alum+0,15g ferric hydroxide$}
NaOH+alum+0,3g ferric hydroxideE ¢3S u ¢AY
| ztzte] AAYA 2718 B oAF. NaOH+alum+
0.15g ferric hydroxideol] 2|3t Hi JAA7]= 450 um

Fig. 12. Change of cohesive particle size along added with magnetite
weight.

Fig.13. Particle sizes of precipitate with NaOH-+alum+0.15g ferric
hydroxide (upper) and NaOH+ alum+0.3g ferric hydroxide (lower)
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o]a, ¥kl NaOH+alum+0.3g ferric hydroxideol] 2]
T WAAT]E 500 m Pk, T3, Fig. 14%= HrtE
ferric hydroxide FA o W& A PA =7 WElE B
vt 7] ferric hydroxide® %o F¢&td &4
% 2497 27} A4S 2T % et

o] A% 43 NaOH+alum+0.15g magnetiteS 9]
st 3 ikl 717t 14 AMA 3t felatr) o

f‘yl_ \

|

ol 22& H4 Ad EFA2 A4} A, Table 3
< A F AN o T oyl Yol FEEmE B
oAt pH=0Y W. Fd F A5 SEEEEE 0.2
ppmolstSlaL, 71et F&ol 2 FEI} A4 Fgdth, wma
pH=9% o, o3} o] L2l = 0.2 ppmo] 3t L,
Ca(In)o]&, Mg(Il)o]-2, 18]1l Si(IV)e]& 2] FLo|e
< SAHEA Gkt anEg 5 WAL 95ty

0.2g/100 ml alum® 0,15g/100ml magnetite ¢ &
pH=9¢ wW7}7] sodium hydroxide& $¢)8}e]o} 3},
A F Aed AFdH Feod thge FA47] AdAY
Al Hsj e w Afo]ge 5= g},

Table 3. Metal concentrations in supernatant after precipitation
and filtrate after filtration.

Metal (NaOH+AJu§x? ,grgﬁeﬁ?argneﬁteo. 15g) Filtrate Original

pH=7 pH=8 PH=O PH-12 pH=9 Leachate
UV 26,2 0.2 0.2 18 0.2 180
Ca(Il) 520 383 0.1 0.1 45 470
A(TD) 78.0 0.2 0.2 807 1210
Fe(III) 0.1 0.1 0.2 0.1 182
KD 300 320 320 327 320 470
Mn(ID 264 0,68 0.1 0.1 - 313
Mg(1l) 44,1 207 0.1 0.1 67 295
Si(Tv) 10.8 33 0.54 33.3
Zn(Il) 45 203

Cohesive |

0.05
Ferric hydroxnde(g)

0.15

Fig. 14. Change of cohesive particle size along added with ferric
hydroxide weight.

-69-

V.2 &

THE ol & b A Al Y SEE AEY
o] H felFEEs 180 ppmeo|d i, MgUD), K1),
Fe(Il), and AlIID) HF FEE 20 ppm~1,210 ppmo| ]
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magnetites= ZAA 24 NaOH Rt} fFElgic}, o7 24
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magnetite7} o3& 9gh HH
NaOH+0.2g alum+0.15g magnetite %
BHEAZIE 600 mo]tt. pH=90lA] HA F g
o] F F&ERT 7P Agy) Wiel, A4 e Y
0.2g/100 ml alum$} 0.15g/100ml magnetite Y
A W7}A] sodium hydroxided & &} o} 3t}

AAEFAZ A=A,

4 A AR

F pH=9
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